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SEMCONDUCTOR DEVICE HAVING TRENCH 
SOLATION STRUCTURE AND METHOD OF 

FABRICATING THE SAME 

RELATED APPLICATION 

0001. This application is a divisional of copending U.S. 
application Ser. No. 10/243,019, filed on Sep. 13, 2002, and 
relies for priority upon Korean Patent Application No. 
2001-68820, filed on Nov. 6, 2001, the contents of which are 
herein incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a semiconductor 
device and a method of fabricating the same. More specifi 
cally, the present invention is directed to a Semiconductor 
device having a trench isolation Structure on a Silicon on 
insulator (SOI) substrate and a method of fabricating the 
SC. 

BACKGROUND OF THE INVENTION 

0.003 Generally, as integration level of a semiconductor 
device increases, both RC delay time due to parasitic capaci 
tance and power dissipation caused by junction leakage 
current are greatly increased. This affects adversely not only 
high-Speed operation of the Semiconductor device, but also 
low electric characteristic. 

0004 Fabricating methods of semiconductor devices are 
recently becoming increasingly dependant on Silicon on 
insulator (SOI) techniques. The SOI techniques may mini 
mize both the parasitic capacitance and the leakage current, 
thereby realizing Semiconductor devices with high-speed/ 
low-power characteristics. An SOI substrate is formed of a 
base Substrate, a buried insulating layer, and a Silicon layer 
that are Sequentially Stacked. Since a transistor on the SOI 
Substrate includes its Source/drain region that is in contact 
with the buried insulating layer thereunder, there may exist 
neither the junction capacitance nor the leakage current at a 
lower portion of the Source/drain region. Consequently, both 
the junction capacitance and the leakage current are remark 
ably reduced as a whole except at a portion in contact with 
the channel region of the device. In addition, adjacent 
Semiconductor devices are completely insulated from each 
other by both the buried insulating layer and a device 
isolation layer. This leads to improvement in a latch-up 
problem of a CMOS device, thereby permitting devices to be 
highly integrated. 
0005. Unfortunately, however, since the silicon layer on 
the buried insulating layer has a thickness of 1 um or less, 
in case that a conventional shallow trench isolation (STI) 
technique is applied to the SOI Substrate, the Silicon layer 
may Suffer defects due to StreSS. 
0006 FIGS. 1 through 4 are cross-sectional views illus 
trating a conventional method of fabricating a trench isola 
tion structure on an SOI Substrate. 

0007 Referring to FIGS. 1 and 2, a buffer oxide layer 
and a hard mask layer are Sequentially formed on an SOI 
Substrate 106 that is formed of a base Substrate 100, a buried 
insulating layer 102, and an upper silicon layer 104. The 
hard mask layer is normally made of Silicon nitride. A 
photoresist pattern 112 is formed on the hard mask layer to 
expose a predetermined region of the hard mask layer. By 
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using the photoresist pattern 112 as an etch mask, the hard 
mask layer, the buffer oxide layer, and the upper Silicon layer 
are Successively patterned to form a trench region 114. AS a 
result, an upper Silicon pattern 104, a buffer oxide pattern 
108, and a hard mask pattern 110 are sequentially formed on 
the buried insulating layer 102. The upper silicon pattern 
104 corresponds to an active region of the Semiconductor 
device. 

0008 Referring to FIG. 3, sidewalls of the upper silicon 
pattern 104 Suffer defects due to damage that occurs while 
the upper Silicon layer is etched to forming the trench region 
114. The resultant structure where the photoresist pattern 
112 is removed is annealed in an oxygen ambient So as to 
cure the defects of the Sidewalls of the upper Silicon pattern 
104. As a result, the sidewalls of the upper silicon pattern 
104 are oxidized to form a trench oxide layer 116. A trench 
liner layer 118 is conformally formed on an entire surface of 
the resultant structure where the trench oxide layer 116 is 
formed. 

0009 Referring to FIG. 4, a device isolation layer is 
formed to fill the trench region 114 on an entire surface of 
the resultant structure where the trench liner layer 118 is 
formed. The device isolation layer is polished by chemical 
mechanical polishing (CMP) to form an insulating layer 
pattern 126 filling an inside of the trench region 114. The 
trench liner layer 118 covering a sidewall and a top of the 
hard mask pattern 110, the hard mask pattern 110, and the 
buffer oxide layer pattern 108 are successively etched to 
expose the active region and also form a nitride liner 118a 
Surrounding the insulating layer pattern 126. The trench 
oxide layer 116, the nitride liner 118a, and the insulating 
layer pattern 126 form an isolation Structure. 
0010. As described above, according to the conventional 
method, annealing is done to cure the etching damage that 
the sidewalls of the upper silicon pattern 104 Suffers while 
forming the trench region 114. In the annealing Step, atoms 
of oxygen are diffused into an interface between the upper 
silicon pattern 104 and the buried insulating layer 102, 
resulting in oxidation of a bottom edge of the upper Silicon 
pattern 104. The oxidation of the silicon layer leads to 
formation of a Silicon oxide layer, which is expanded about 
twice as much as the silicon layer. When the edge of the 
bottom of the upper silicon pattern 104 is oxidized, tensile 
StreSS is applied to the upper Silicon pattern 104. This causes 
StreSS-induced defects to the upper Silicon pattern 104. 
Unlike a transistor on a Single crystalline Silicon Substrate, 
a transistor on an SOI Substrate includes its Source-drain 
region that is in contact with a buried insulating layer 
thereunder. In case of an SOI Semiconductor device, a defect 
D of an upper edge of an active region causes improper 
operation of the device and also an increase in leakage 
current, as shown in FIG. 4. Therefore, it is imperative to 
develop a method for minimizing defects of the upper edge 
of the active region. 

SUMMARY OF THE INVENTION 

0011. The present invention provides a semiconductor 
device having a trench isolation Structure and a method of 
fabricating the Same that can prevent a Silicon layer from 
Suffering tensile StreSS So as to reduce defects of an active 
region. 
0012. The present invention also provides a semiconduc 
tor device having a trench isolation Structure and a method 
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of fabricating the same that may minimize both leakage 
current and misoperation of the device. 

0013. According to the present invention, the semicon 
ductor device comprises a trench region and an isolation 
Structure. The trench region is disposed to define an active 
region at a predetermined region of a Silicon on insulator 
(SOI) substrate formed by sequentially stacking a buried 
insulating layer and an upper Silicon layer on a base Sub 
strate. The isolation structure fills an inside of the trench 
region. Shown by a cross-sectional view of the trench 
region, the trench region comprises a deep trench region and 
a shallow trench region. The deep trench region is where the 
Silicon layer penetrates to the buried insulating layer and the 
shallow trench region exists at an outside of the deep trench 
region. That is, the trench region has a Stepped Sidewall. The 
isolation Structure includes a trench oxide layer, a trench 
liner, and an insulating layer pattern. The trench oxide layer 
and the trench liner cover a bottom and a sidewall of the 
shallow trench region. The insulating layer pattern fills an 
inside of the trench region covered with the trench liner. 

0.014) A method of fabricating the semiconductor device 
comprises Sequentially forming a buffer oxide layer and a 
hard mask layer on an SOI substrate formed by sequentially 
Stacking a buried insulating layer and an upper Silicon layer 
on a base substrate. The hard mask layer, the buffer oxide 
layer, and the Silicon layer of a predetermined depth are 
Successively patterned to form a trench region in the upper 
Silicon layer. A bottom and a sidewall of the trench region 
are thermally oxidized. A trench liner is formed to confor 
mally cover the bottom and the sidewall of the trench region. 
The trench liner on the bottom of the trench region and the 
upper Silicon layer are Successively patterned to form a 
modified trench region. Shown by a croSS-Sectional view of 
the trench region, the modified trench region includes a deep 
trench region where the buried insulating layer is exposed 
and a shallow trench region existing at an outside of the deep 
trench region. An insulating layer pattern is formed to fill an 
inside of the modified trench region. Thereafter, the hard 
mask layer and the buffer oxide layer remaining on the upper 
Silicon layer are removed. 

0.015 The insulating layer pattern and the trench liner 
covering both the sidewall and bottom of the trench region 
correspond to a device isolation layer defining an active 
region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The foregoing and other objects, features and 
advantages of the invention will be apparent from the more 
particular description of a preferred embodiment of the 
invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not nec 
essarily to Scale, emphasis instead being placed upon illus 
trating the principles of the invention. 

0017 FIGS. 1 through 4 are cross-sectional views illus 
trating a method of fabricating a conventional trench isola 
tion Structure. 

0.018 FIG. 5 is a cross-sectional view illustrating a 
Semiconductor device in accordance with a preferred 
embodiment of the present invention. 
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0019 FIGS. 6 through 12 are cross-sectional views 
illustrating a method of fabricating the Semiconductor 
device in accordance with the preferred embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0020. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. The invention may, however, be embodied in dif 
ferent forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the Scope of the invention 
to those skilled in the art. In the drawings, the thickness of 
layerS and regions are exaggerated for clarity. It will also be 
understood that when a layer is referred to as being “on” 
another layer or Substrate, it can be directly on the other 
layer or Substrate, or intervening layerS may also be present. 

0021 FIG. 5 is a cross-sectional view illustrating a 
semiconductor device formed on a silicon on insulator (SOI) 
Substrate in accordance with a preferred embodiment of the 
present invention. 

0022 Referring to FIG. 5, the SOI substrate is formed by 
Sequentially Stacking a buried insulating layer 202 and an 
upper silicon layer 204 on a base substrate 200. An isolation 
Structure 228 is disposed at a predetermined region of the 
upper Silicon layer 204, penetrating the upper Silicon layer 
204 to be in contact with the buried insulating layer 202. The 
isolation structure 228 fills an inside of the trench region 214 
that penetrates the upper Silicon layer 204. The trench region 
214 includes a deep trench region 214d and a shallow trench 
region 214S. The deep trench region 214d is where the upper 
Silicon layer 204 penetrates to the buried insulating layer, 
and the Shallow trench region 214S exists at an outside of the 
deep trench region 214d. That is, as shown by a croSS 
sectional view of the trench region 214, the shallow trench 
region 214S corresponds to an edge of the trench region 214 
and is disposed on the Silicon layer. The deep trench region 
214d corresponds to a center of the trench region 214 and is 
where the upper silicon 204 penetrates to the buried insu 
lating layer 202. 

0023 The isolation structure 228 comprises a trench 
oxide layer 216, a trench liner 218a, and an insulating layer 
pattern 226. The trench oxide layer 216 and the trench liner 
218a sequentially conformally cover both a bottom and a 
sidewall of the shallow trench region 214s. The trench oxide 
layer 216 is a thermal oxide layer obtained by oxidation of 
silicon that exists in both the bottom and sidewall of the 
shallow trench region 214S. Thus, the trench liner 218a 
conformally covers both the bottom and sidewall of the 
shallow trench region 214s where the trench oxide layer 216 
is formed. The insulating layer pattern 226 is formed of a 
Sidewall insulating layer pattern 220p and a buried insulat 
ing layer pattern 224p. The Sidewall insulating layer pattern 
220p fills the edge of the trench region 214, i.e., the shallow 
trench region 214S and the buried insulating layer pattern 
224p fills the deep trench region 214d surrounded by the 
sidewall insulating layer pattern 220p. The sidewall insu 
lating layer pattern 220p in contact with the upper Sidewalls 
of the buried insulating layer pattern 224p fills the edge of 
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the trench region 214, i.e., the shallow trench region 214S. 
The lower sidewalls and the bottom of the buried insulating 
layer pattern 224p are in contact with the upper Silicon layer 
204 and the buried insulating layer pattern 226, respectively. 
The bottom and one of the sidewalls of the sidewall insu 
lating layer pattern 220p are in contact with the trench liner 
218a. 

0024. According to the present invention, the bottom and 
the sidewall of the upper silicon layer 204 are surrounded by 
the isolation Structure 228 Such that the upper Silicon layer 
204 forms an island-shaped structure. The island-shaped 
upper Silicon layer 204 corresponds to an active region. 

0.025. Unlike the conventional method as described 
above, according to the present invention, the trench oxide 
layer 216 is formed on an upper portion of the trench region 
214, i.e., the sidewall and the bottom of the shallow trench 
region 214S. The thermal oxide layer does not exist at an 
interface between the buried insulating layer 202 of the 
lower portion of the trench region 214 and the Silicon layer 
204. Thus, since the upper silicon layer 204 does not suffer 
defects due to bending and misoperation of the Semicon 
ductor device, and leakage current can be remarkably 
reduced. 

0026 FIGS. 6 through 12 are cross-sectional views 
illustrating a method of fabricating the trench isolation 
structure on the SOI substrate in accordance with the pre 
ferred embodiment of the present invention. 
0027. Referring to FIG. 6, a buffer oxide layer 208 and 
a hard mask layer 210 are sequentially formed on the SOI 
substrate 206, which is formed by stacking the buried 
insulating layer 202 and the upper silicon layer 204 on the 
base substrate 200. The buffer oxide layer 208 may be a 
CVD oxide layer or a thermal oxide layer. The hard mask 
layer 210 is preferably an insulating layer having Selectivity 
with respect to a Silicon layer, for example, a Silicon nitride 
layer. A photoresist pattern 212 is formed to expose a 
predetermined region of the hard mask layer 210 on the hard 
mask layer 210. In a Subsequent Step, an isolation Structure 
will be formed on the semiconductor Substrate under the 
exposed region. 

0028 Referring to FIG. 7, using the photoresist pattern 
212 as an etch mask, the hard mask layer 210, the buffer 
oxide layer 208, and the upper silicon layer 204 of a 
predetermined thickness are etched. Thus, a trench region 
214 is formed on the upper silicon layer 204, and a buffer 
oxide layer pattern 208p and a hard mask pattern 210p are 
sequentially formed on the upper silicon layer 204. The 
photoresist pattern 212 is removed to expose a top Surface of 
the hard mask pattern 210p. Alternatively, after the hard 
mask pattern 210p and the buffer oxide layer pattern 208p 
are formed, the photoresist pattern 212 is removed, then the 
upper Silicon layer 204 is etched using the hard mask pattern 
210p as an etch mask. At this time, the trench region 214 
does not completely penetrate the upper Silicon layer 204 
Such that a bottom of the trench region 214 is in the upper 
silicon layer 204. It is preferable that the upper silicon layer 
of 100 to 1000 A remains between the bottom of the trench 
region 214 and the buried insulating layer 202. 

0029) Referring to FIG. 8, the resultant structure where 
the trench region 214 is formed is annealed to cure defects 
of the upper silicon layer 204 that occurred while etching the 
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upper silicon layer 204 for forming the trench region 214. 
The annealing is preferably done in an oxygen ambient, 
resulting in formation of a trench oxide layer 216 on the 
sidewall and the bottom of the trench region 214. It is 
preferable that the trench oxide layer 216 be formed to a 
thickness of 50 to 500 A on the sidewall and the bottom of 
the trench region 214. The trench oxide layer 216 is a 
thermal oxide layer obtained by oxidation of silicon that 
exists in the sidewall and the bottom of the trench region 
214. A trench liner layer 218 is conformally formed on an 
entire Surface of the resultant Structure where the trench 
oxide layer 216 is formed. The trench liner layer 218 is 
preferably a silicon nitride layer of 20 to 200 A. 

0030. As described above, according to the conventional 
method, the trench oxide layer 116 (in FIG. 3) is formed on 
the sidewall of the trench region 114 that completely pen 
etrates the upper silicon layer 104 (in FIG. 3) as shown in 
FIG. 3. This causes atoms of oxygen to be diffused into an 
interface between the upper Silicon layer and the buried 
insulating layer 102 (in FIG.3). Therefore, the upper silicon 
layer is oxidized Such that tension due to expansion is 
applied to the upper Silicon layer. This leads to bending of 
the upper Silicon layer, thus causing StreSS induced defects to 
the upper Silicon layer. That is, annealing for curing the 
etching induced defects results in other defects, i.e., the 
StreSS induced defects. 

0031. According to the present invention, however, the 
trench oxide layer 216 is formed on the trench region 214 
that does not completely penetrate the upper Silicon layer 
204. Accordingly, the upper silicon layer 204 is not bent 
while forming the trench oxide layer 216. This enables not 
only prevention of the StreSS induced defects, but also curing 
of the etching induced defects. 
0032 Referring to FIG. 9, a spacer insulating layer is 
conformally formed on an entire Surface of the Semiconduc 
tor Substrate where the trench liner layer 218 is formed. The 
Spacer insulating layer is preferably a Silicon oxide layer. 
Shown by a cross-sectional view of the trench region 214, 
the Spacer insulating layer is preferably formed to a thick 
neSS less than % of a minimum width of the trench region 
214. Thereafter, the Spacer insulating layer is etched using 
an anisotropic etch process to form a trench Spacer 220 
covering an edge of the trench region 214. The trench Spacer 
220 covers the sidewall of the trench region 214, a sidewall 
of the buffer oxide layer pattern 208p, and a sidewall of the 
hard mask pattern 210p. 

0033 Referring to FIG. 10, using the trench spacer 220 
as an etch mask, the trench liner layer on both the bottom of 
the trench region 214 and the top of the hard mask pattern 
210p is etched. Both the trench oxide layer 216 and the 
upper silicon layer 204 on the bottom of the trench region 
214 are etched by using the trench spacer 220 and the hard 
mask pattern 210p as an etch mask Such that the buried 
insulating layer is exposed. As a result, the deep trench 
region 214d is formed in the trench region 214. That is, 
shown by the cross-sectional view of the trench region 214, 
the edge of the trench region 214 corresponds to the shallow 
trench region 214S, and the region where the buried insu 
lating layer 202 is exposed between the shallow trench 
regions 214d corresponds to the deep trench region 214d. 
The trench oxide layer 216 and the trench liner layer 218 are 
formed not on the sidewall of the deep trench region 214d, 
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but on the bottom and the sidewall of the shallow trench 
region 214S. In addition, the trench spacer 220 covers the 
shallow trench region 214s. 
0034) Referring to FIG. 11, a gap fill insulating layer 224 
is formed to fill the trench region 214 on an entire surface of 
the resultant Structure where the deep trench region 214d is 
formed. The gap fill insulating layer 224 may be either an 
O-TEOS oxide layer, a PEOX layer, or an HDPCVD oxide 
layer whose Step coverage is good. Preferably, the gap fill 
insulating layer is the HDPCVD layer. 
0.035 Referring to FIG. 12, the gap fill insulating layer 
224 and the top of the trench spacer 220 are polished by 
chemical mechanical polishing (CMP). In the polishing step, 
the hard mask pattern 210p is exposed and an insulating 
layer pattern 226 is formed to fill the trench region 214. The 
insulating layer pattern 226 is formed of a gap fill insulating 
layer pattern 224p and a Sidewall insulating layer pattern 
220p. The gap fill insulating layer pattern 224p fills the deep 
trench region 214d, and the Sidewall insulating layer pattern 
220p fills the edge of the trench region 214, i.e., the shallow 
trench region 214S. In Ceria CMP using cerium as a slurry, 
the hard mask layer 210 can be thinly formed to a thickness 
of about 500 to 1000 A. Since the Ceria CMP may increase 
a polishing rate of an oxygen layer to a Silicon nitride layer, 
an over-etching of the hard mask pattern 210p may be 
prevented. 
0.036 Consequently, the isolation structure 228 is formed 
on the SOI substrate 206 to penetrate the upper Silicon layer 
204 in contact with the buried insulating layer 202. The 
trench oxide layer 216, the trench liner 218, and the insu 
lating layer pattern 226 constitute the isolation Structure 228. 
The isolation structure 228 fills an inside of the trench region 
214 that comprises the deep trench region 214d and the 
shallow-trench region 214S existing at an outside of the deep 
trench region 214d. In addition, the isolation structure 228 is 
in contact with the buried insulating layer pattern 226 at the 
bottom of the deep trench region 214d. Thus, the isolation 
structure 228 and the buried insulating layer 202 surround 
both upper and lower portions of the upper silicon layer 204 
so that the upper silicon layer 204 can be isolated. The 
isolated upper Silicon layer 204 corresponds to the active 
region of the Semiconductor device. 
0037. Thereafter, a transistor and an integrated circuit can 
be fabricated on the resulting Structure. 
0.038 According to the present invention as described 
above, before the annealing process is applied, the trench 
region is formed not So as to completely penetrate the upper 
silicon layer. That is, the upper silicon layer of 100 to 1000 
A remains on the bottom of the trench region, thereby 
preventing the bending of the upper Silicon layer. 
0.039 According to the present invention, a semiconduc 
tor device of a low defect-density can be fabricated in an 
active region where a transistor is disposed. Therefore, both 
leakage current and misoperation of a device can be mini 
mized. 

0040. While this invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Spirit and Scope of the invention 
as defined by the appended claims. 
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What is claimed is: 
1. A method of fabricating a Semiconductor device on an 

SOI Substrate formed by Stacking a buried insulating layer 
and an upper Silicon layer on a base Substrate, the method 
comprising: 

Sequentially forming a buffer oxide layer and a hard mask 
layer on the upper Silicon layer; 

patterning the hard mask layer, the buffer oxide layer, and 
the Silicon layer to a predetermined depth to form a 
trench region in the upper Silicon layer; 

thermally oxidizing a bottom and a Sidewall of the trench 
region; 

forming a trench liner that conformally-covers the bottom 
and the Sidewall of the trench region; 

patterning the trench liner layer and the upper Silicon 
layer on the bottom of the trench to form a modified 
trench region including a deep trench region and a 
shallow trench region, the deep trench region existing 
where the buried insulating layer is exposed, the Shal 
low trench region existing at an outside of the deep 
trench region; 

forming an insulating layer pattern filling an inside of the 
modified trench region; and 

removing the hard mask layer and the buffer oxide layer 
remaining on the upper Silicon layer. 

2. The method as claimed in claim 1, wherein the step of 
forming the insulating layer pattern comprises: 

forming a gap fill insulating layer filling the modified 
trench region on an entire Surface of the SOI Substrate; 
and 

planarizing the gap fill insulating layer to form an insu 
lating layer pattern exposing the hard mask layer on top 
of upper Silicon layer and also filling the inside of the 
modified trench region. 

3. The method as claimed in claim 2, wherein the gap fill 
insulating layer is a high density plasma (HDP) chemical 
vapor deposition (CVD) layer. 

4. The method as claimed in claim 2, wherein the gap fill 
insulating layer is planarized by chemical mechanical pol 
ishing (CMP). 

5. The method as claimed in claim 1, wherein the step of 
forming the modified trench region comprises: 

conformally forming a Spacer insulating layer on an entire 
Surface of the resultant Structure where the trench liner 
layer is formed; 

etching the Spacer insulating layer using an anisotropic 
etch process to form a trench Sidewall oxide layer 
covering an edge of the trench region; and 

etching the trench liner and the upper Silicon layer on the 
bottom of the trench region using the hard mask layer 
on both the trench Sidewall Spacer and on the upper 
Silicon layer as an etch mask to expose the buried 
insulating layer. 

6. The method as claimed in claim 5, further comprising: 
forming a gap fill insulating layer filling an inside of the 

modified trench region on an entire Surface of the 
resultant Structure where the buried insulating layer is 
exposed; and 
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planarizing the gap fill insulating layer to form an insu 
lating layer pattern exposing the hard mask layer on the 
upper Silicon layer and also filling the inside of the 
modified trench region, 

wherein the insulating layer pattern is formed of a Side 
wall insulating layer filling an edge of the trench region 
and a gap fill insulating layer pattern filling the region 
where the buried insulating layer pattern is exposed. 

7. The method as claimed in claim 5, wherein the spacer 
insulating layer is formed to a thickness less than % of a 
minimum width of the trench region. 

8. The method as claimed in claim 5, wherein the step of 
forming the insulating layer pattern comprises: 

forming a gap fill insulating layer filling an inside of the 
modified trench region on the SOI substrate; and 
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planarizing the gap fill insulating layer and the upper 
portion of the trench Sidewall Spacer to form an insu 
lating layer pattern, the insulating layer pattern formed 
of a Sidewall insulating layer pattern and a gap fill 
insulating layer pattern, 

wherein the Sidewall insulating layer pattern fills the 
shallow trench region existing at the edge of the 
modified trench region, 

wherein the gap fill insulating layer pattern fills the deep 
trench region of the modified trench region. 

9. The method as claimed in claim 8, wherein the gap fill 
insulating layer is an HDP CVD layer. 

10. The method as claimed in claim 8, wherein the gap fill 
insulating layer and the upper portion of the trench Sidewall 
spacer are planarized by CMP. 

k k k k k 


